Insights into MLC pathogenesis: GlialCAM is an MLC1 chaperone required for proper activation of volume-regulated anion currents.
Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a rare type of leukodystrophy caused by mutations in either MLC1 or GLIALCAM genes and is associated with myelin and astrocyte vacuolation. It has been suggested that MLC is caused by impaired cell volume regulation as a result of defective activation of astrocytic volume-regulated anion currents (VRAC). GlialCAM brings MLC1 and the ClC-2 Cl(-) channel to cell-cell junctions, even though the role of ClC-2 in MLC disease remains incompletely understood. To gain insights into the biological role of GlialCAM in the pathogenesis of MLC disease, here we analyzed the gain- and loss-of-function phenotypes of GlialCAM in Hela cells and primary astrocytes, focusing on its interaction with the MLC1 protein. Unexpectedly, GlialCAM ablation provoked intracellular accumulation and reduced expression of MLC1 at the plasma membrane. Conversely, over-expression of GlialCAM increased the cellular stability of mutant MLC1 variants. Reduction in GlialCAM expression resulted in defective activation of VRAC and augmented vacuolation, phenocopying MLC1 mutations. Importantly, over-expression of GlialCAM together with MLC1 containing MLC-related mutations was able to reactivate VRAC currents and to reverse the vacuolation caused in the presence of mutant MLC1. These results indicate a previously unrecognized role of GlialCAM in facilitating the biosynthetic maturation and cell surface expression of MLC1, and suggest that pharmacological strategies aimed to increase surface expression of MLC1 and/or VRAC activity may be beneficial for MLC patients.